Abstract. This paper analyzes compositions and functions of coordination control system in ultra supercritical power generation unit. The control strategies of core components in the system have been elaborated and its favorable application effects have also been shown. In doing so, unit's safe economical operation is not only realized, but also the requirements of frequency regulation and peak load of power grid is satisfied.
Introduction
The correlation between power grid and power plant is becoming progressively closer. On the one hand, the power grid hopes that the power response of the power plant can be more quickly and more adjustable. On the other hand, the power plant concerns about the safety and economical operation of the power unit. Peak regulation and frequency modulation will lead to rapid changes in unit equipment output and bring impacts on thermal system of unit. The turbine throttle valve increases the pressure loss of steam and the cost of power plant operation. Therefore, there is an urgent need for new production process control technology, which can not only ensure the quick response of power unit, but also avoid or reduce the thermal energy loss caused by load change [1] .
Composition and Function of the Coordinated Control System
Power unit coordinated control system is the main control system of large thermal power unit. It controls the boiler and turbine generator as a whole, and coordinates boiler control system and turbine control system to eliminate the differences in dynamic characteristics of boiler and steam turbine. It not only makes the power unit to meet the needs of the change of electric load, as well as maximizing the ability of peak regulation and frequency modulation, but also can ensure the safety and stable economic operation of the unit. The main control objects of the coordinated control system are the main boiler control system and the main turbine control system [2] . And this two main control systems control their sub control systems respectively such as boiler combustion control system, boiler feed water control system and turbine electro-hydraulic control system, etc. The design of the coordinated control system integrates the boiler and steam turbine as a whole [3] . This system mainly includes the turbine main control, boiler main control, load instruction set, pressure setting, coordination mode switching, RB, AGC, and frequency correction circuit, as shown in figure 1. 
Strategy Analysis and Optimization
(1) How to send the load command to condensate pump outlet valve control loop safely, reliably and reasonably.
The coordinated control system calculates the amount of heat that needs to be released according to the main steam pressure, main steam temperature and inertia time of boiler combustion. Besides the main steam pressure, the main steam temperature and other parameters, the boiler heat storage coefficient is also needed to calculate the heat storage of boiler. The boiler heat storage coefficient can be calculated according to relevant parameters. However, the theoretical calculation results and actual values tend to have some deviation, so it is necessary to test the means to determine the boiler heat storage coefficient.
When the new fuel convert to the main steam upward pressure, the coordinated control system shall release the power command sent to the condensate load regulating module in time after the boilers burning energy and the output of steam at a fixed rate meet balance. In addition, the coordinated control system should fully consider the heat accumulation amount, and monitor the operation condition of the deaerator water level, the condenser hot well water level and the control system of low pressure heater. Once an exception occurs, in order to ensure the safe operation of the unit, the coordinated control system shall immediately return power command sent to condensate load adjustment module to zero. The condensation water load module cut to the normal working mode, namely coagulation pump outlet valve control of deaerator level.
(2) Modification and perfection of the control strategy of boiler side fuel and water supply, reasonable and timely recovery of unit heat storage which based on compatible condensate throttling technology.
When the unit valve is open, the turbine lost control of power, and the change of unit power is completely controlled by boiler combustion. Therefore, the boiler side fuel, water supply instructions need to be more accurate, to be revised, and through multiple load swing tests to be set. In particular, the unit combustion factor positioning test need to be redone because different power instructions corresponding to different amount of fuel. This test takes more time, and need power grid's coordination. In order to recover the heat storage of the unit in time, the amount of fuel should have an additional process. When the heat storage of the unit recovers, the additional fuel need to be removed in time, as shown in figure 2 . (3) Variable load and steady state process, the reasonable control of condensate water load regulation mode, to ensure the stability of water level.
In the process of variable load, the working mode of condensate load regulating module is condensate throttling. In the process of steady-state operation, the working mode of condensed water load adjustment module is deaerator water level control. In this way, condensate pump outlet control valve has two control loops, thus the output of the two control circuit switching problems exist. It needs to be quick to switch from deaerator water level control mode to condensed water load transfer mode, but slowly on the contrary, for the control purposes are different.
Because the deaerator water level control adopts three impulse controls, quantitative determinations of the flow rate of high pressure heater drains are needed in order to ensure the stability of control system in the process of switching, as the outer loop feed forward control of deaerator water level control.
(4) Substantial improvement and readjustment are needed for deaerator, condenser, low pressure heater water level control loop and supplement water control. The logic of the water level control needs to be revised, especially adding the feedforward control loop. The feed forward controller is mainly according to the actual conditions, condensed water flow change, and then return to the water level, causing the valve action and scope. So it is necessary to do many adjustment experiments. As the deaerator and condenser water level are directly related to the main protection of generator unit, the experiment risks are large. However, the low pressure heater, due to the small capacity, whose liquid level fluctuations are larger, will easily lead to low pressure heater outage.
After the condensate water throttling, condensate pump outlet flow decreased rapidly, which is easy to cause coagulation pump minimum flow control valve open. The opening of the valve is easy to cause the vibration of the pipeline, so the condensate pump minimum flow control valve logic should be revised.
Due to the thermal well capacity of ultra supercritical unit is relatively small, hot well water level rise rapidly after condensate throttling, condensate pump outlet valve needs to be turned down. Therefore the output adjusting valve control logic of the condensate transfer pump needs to be revised.
Conclusion
This paper is based on the characteristics of ultra supercritical unit which not only to meet the requirements of peak regulation and frequency modulation of the power grid, but also realize the economic operation of the unit. From the point of view of using thermal system energy storage technology, an energy saving coordinated control system which based on condensate throttling is designed and developed. The system realizes the safety and economic operation of the power unit as well as meeting the needs of power grid's peak regulation and frequency modulation which has great theoretical and practical significance.
